1. Introduction {#sec0005}
===============

Anxiety and depression are two of the most common mental health problems affecting children, with 10--20% of school-aged children experiencing emotional disorders during their young lives ([@bib0205]). These disorders cause life-long impairment ([@bib0020]), and are costly to families ([@bib0025]) and national health care systems ([@bib0010]). Parental anxiety and/or depressive disorders are significant risk factors for the development of these disorders in offspring (e.g., [@bib0105], [@bib0145], [@bib0260], [@bib0325]). Parental depressive disorders are associated with a threefold increase in an individual\'s risk for developing a depressive episode during adolescence ([@bib0140], [@bib0340]). Maternal depression is associated with an earlier onset and more severe course of depression in offspring ([@bib0175]; for a recent review see [@bib0110]). Similarly, offspring of parents with anxiety disorders are at 3.5 (range 1.3--13.3) times greater risk for anxiety disorders than are offspring of control parents (e.g., [@bib0215]). Therefore, the investigation of offspring of parents with anxiety and depressive disorders is a powerful strategy to identify premorbid risk markers and early signs of expressions of these conditions.

Learning models emphasise that anxiety develops through the association of a conditioned stimulus (CS+) and an aversive unconditional stimulus (US), and conversely, that anxiety extinguishes through repeated presentation of the CS+ in the absence of the US, which is the underlying theoretical framework of exposure therapy (e.g., [@bib0035], [@bib0065], [@bib0080], [@bib0095], [@bib0120], [@bib0220], [@bib0225], [@bib0250]; see [@bib0310] or [@bib0030] for reviews). A recent meta-analysis (i.e., [@bib0185]) concluded that within discriminative conditioning studies that require both excitatory responding to a CS+ paired with a US and inhibitory responding to a CS− presented alone, both anxious adults and control adults display comparable levels of differential conditioning, as reflected by larger skin conductance and subjective responses to the CS+ than the CS−. However, anxious adults show overall elevated responses to both CSs compared with control adults, and maintain modestly higher levels of conditioned responding during extinction trials (although this group difference is strongest in CS+ only conditioning procedures) ([@bib0185]).

Basic science research has found similar evidence of larger responding to the CS+ as well as overall elevated responses to both CSs in anxious compared to non-anxious children using discriminative conditioning and extinction experiments (e.g., [@bib0075], [@bib0165], [@bib0170], [@bib0315]). These findings have been interpreted within an associative framework that emphasises elevated fear responding to excitatory cues of threat (i.e., CS+) and impaired response inhibition to signals of safety (CS− and extinction trials) in the pathogenesis of anxiety disorders (e.g., [@bib0080]; see [@bib0185]). Another associative account for the findings is overgeneralisation from the CS+ to the CS− due to failure to discriminate the stimulus features that distinguish threat from safety cues (see [@bib0185], for a review). Non-associative explanations of elevated responding to both CS+ and CS− primarily focus on sensitisation, or elevated responsiveness to the US and other novel stimuli due to elevated anxious state, and habituation, or decreased responding over repeated presentations of specific stimuli ([@bib0185]).

To date, there is one published study to the authors' knowledge that examines aversive conditioning and extinction in high risk children by virtue of parental anxiety disorders. [@bib0075] found that in the context of similar levels of differential conditioning, as indexed by larger skin conductance responses (SCRs) and subjective evaluations of the CS+ compared to the CS−, high risk children exhibited larger SCRs to the timing of the US on CS+ and CS− trials during acquisition, and larger orienting SCRs to both CSs during extinction trials, in comparison with low risk controls. There were no significant differences in subjective arousal and valence (unpleasantness) ratings between the groups. Overall, findings indicated that children at high risk for anxiety due to parental anxiety displayed larger psychophysiological responses to stimuli signalling threat (CS+) that generalise to cues signalling safety (CS−) and are slower to extinguish in comparison with low risk controls.

Anxiety and depression share numerous risk factors, high rates of comorbidity, and treatment approaches (see [@bib0070]). However, the specificity of aetiological processes to these disorders is not well understood and an enhanced understanding of common and specific underlying mechanisms would improve knowledge on the pathophysiology of these disorders. To the authors' knowledge, there are no published studies to date that examine differences in aversive conditioning and extinction in offspring of anxious versus depressed and healthy parents. Therefore, the specificity of these learning-based processes as mechanisms by which risk due to parental anxiety versus depression is conferred to offspring remains unclear. However, recent reviews of neurophysiological studies suggest there may be distinct neurophysiological indicators of depression (e.g., [@bib0300]). For example, findings from startle eye blink modulation experiments suggest that depression is associated with *decreased* fear-potentiated startle, and a flattened affect-startle reflex pattern compared to never-depressed healthy controls (e.g., [@bib0005], [@bib0040], [@bib0150], [@bib0210]; see also [@bib0300]). On the other hand, first and second generation offspring of depressed parents compared to low risk offspring showed *increased* startle reactivity throughout fear-potentiation protocols, similar to that found in anxious adults and offspring of parents with anxiety disorders (e.g., [@bib0130]). In terms of skin conductance measures, evidence suggests that depression, especially endogenous depression, may be associated with lower skin conductance levels and more patients who are SCR non-responders to unpleasant auditory stimuli compared to healthy controls ([@bib0160], [@bib0230]). Varied findings may be due to differing components of depression (e.g., endogenous versus negative affect versus anhedonia), variation in symptom severity, and the methodology and psychophysiological measures employed (see [@bib0300] for a review). Nevertheless, these findings primarily point to depression being associated with attenuated psychophysiological responding to negative/stressful stimuli, or the anticipation thereof, and failure to show appropriate reactivity to pleasant stimuli. Together, these findings suggest that depressed individuals may be relatively unaffected by external stimulation ([@bib0230]), perhaps through the breadth and incessant nature of depressive disorders taking their toll on the human defensive system, thereby reducing psychophysiological reactivity to salient emotional cues ([@bib0360]). Thus, of interest in the present study was whether attenuated psychophysiological responding is a premorbid risk marker that develops during the acquisition of aversive learning in the offspring of depressed parents relative to low risk offspring of never depressed parents.

Based on theoretical accounts of anxiety and depressive disorders ([@bib0035], [@bib0065], [@bib0080], [@bib0095], [@bib0105], [@bib0120], [@bib0135], [@bib0220], [@bib0225], [@bib0250]), the significant comorbidity between them (see [@bib0070]), and the risk that these disorders pose to offspring of affected parents (see [@bib0260], [@bib0145], [@bib0325]), the current study examined aversive Pavlovian conditioning and extinction in the offspring of anxious and depressed mothers compared to mothers without a history of psychopathology. Based on previous evidence (i.e., [@bib0075]), it was hypothesised that in the context of similar levels of discriminative conditioning, children of anxious mothers would show larger SCRs to both CSs during acquisition and extinction, in comparison with low risk controls and offspring of depressed mothers. In contrast, if diminished psychophysiological reactivity to aversive cues that is characteristic of depression (e.g., [@bib0230], [@bib0005], [@bib0150], [@bib0210]) is a risk marker for the transmission of depression to offspring, then it was hypothesised that children of depressed mothers would show smaller SCRs to the CS+ compared to the CS− during acquisition and relative to low risk children and offspring of anxious mothers. Moreover, if they remain unresponsive to external stimulation, they were expected to display attenuated responding throughout extinction in comparison with the other groups.

2. Method {#sec0010}
=========

2.1. Participants {#sec0015}
-----------------

One hundred and nineteen parent--child dyads were initially assessed to participate in this study which was approved by the Griffith University Human Research Ethics Committee. They were recruited through community advertisements, primary school and university notices and newsletters, local newspapers, GPs, and community mental health clinics as part of a larger study on risk factors for the development of emotional disorders in children. Initial exclusion criteria included (a) the child having a psychiatric disorder, including an anxiety or mood disorder, chronic medical condition, intellectual impairment, pervasive developmental disorder, bipolar disorder, oppositional defiant disorder or psychosis, (b) the mother having a past or current chronic medical condition, intellectual impairment, bipolar disorder, psychosis or any psychiatric disorder other than anxiety and unipolar depression, and (c) if the participating parent was not the child\'s biological mother. Of the 119 dyads assessed, 28 were excluded due to the child meeting criteria for an anxiety disorder (they were referred for treatment); 3 were excluded due to incomplete diagnostic assessment data, 3 were excluded due to the child\'s biological mother being unable to participate (2 mothers due to divorce; 1 mother was deceased), 8 were excluded because families failed to attend the laboratory session, 11 children withdrew from or declined to complete the conditioning and extinction experiment, and 9 children had unusable skin conductance data either due to technical problems (*n* = 4) or too much missing data due to movement artefacts (*n* = 5).

Thus, the final sample of 55 children included 31 low-risk children (mothers and children without psychiatric disorder) and 26 high-risk children, of which 14 had mothers with a principal lifetime diagnosis of an anxiety disorder and 12 had mothers with a principal lifetime diagnosis of a depressive disorder, with their children having no psychiatric disorder. [Table 1](#tbl0005){ref-type="table"} summarises the principal (i.e., most severe) lifetime diagnoses of mothers in the ANX and DEP groups. Five children were prescribed Ventolin for asthma. No children were on medication at the time of assessment. Demographic comparisons are reported in [Table 2](#tbl0010){ref-type="table"}.Table 1Principal diagnoses of mothers in the ANX and DEP groups.Principal diagnosisCurrent diagnosis (*N* = 9)Past diagnosis (*N* = 17)*n*Mean severity*n*Mean severityANX (*n* = 14)96.257.5 Generalised anxiety3618 Obsessive--compulsive0--28 Social phobia260-- Specific phobia270-- Panic160-- Separation anxiety0--16 PTSD1618  DEP (*n* = 12)00126.72 Major depression0--116.45 Depressive disorder NOS0--17[^1]Table 2Descriptive demographic and symptom measures as a function of group.MeasureCON (*n* = 31)ANX (*n* = 14)DEP (*n* = 12)Age9.56 (1.48)9.77 (1.33)9.90 (1.47)Gender (M:F)14:177:74:8Country born (% Australia)858682Mother marital status (% married)[\*](#tblfn0005){ref-type="table-fn"}967958  Parent age Mother42.1 (4.7)41.8 (5.4)42.3 (4.9) Father44.3 (6.9)45.6 (6.6)43.4 (6.1)  Parent SES[a](#tblfn0030){ref-type="table-fn"} Mother4.12 (1.31)4.96 (1.06)4.06 (0.70) Father3.94 (0.96)4.04 (0.88)3.76 (0.91)  Mother STAI trait[\*](#tblfn0005){ref-type="table-fn"}30.03 (7.27)37.29 (8.94)38.00 (7.60)SCAS-P total12.48 (8.84)12.07 (5.75)10.33 (5.55)SCAS-C total22.58 (13.87)26.07 (13.51)21.33 (14.76)CES-DC total11.77 (7.37)11.14 (4.61)10.67 (6.27)CS−US contingency aware (%)76%57%83%  Child subjective anxiety Pre-Acq1.74 (1.76)1.50 (1.56)1.00 (1.35) Post-Acq1.84 (1.92)1.64 (1.55)1.50 (1.51) Post-Ext0.74 (1.34)0.64 (0.93)0.50 (0.80)[^2][^3]

2.2. Measures {#sec0020}
-------------

### 2.2.1. Maternal diagnostic status {#sec0025}

The Anxiety Disorders Interview Schedule for DSM-IV, Lifetime Version (ADIS-IV-L; [@bib0045]) is a semi-structured interview that assesses current episodes of DSM-IV anxiety, mood and substance use disorders in addition to past (i.e., lifetime) episodes of these disorders. Clinical postgraduate students who had undergone specialised training in administering the ADIS-IV-L conducted the interviews. Mothers were asked to respond to a series of questions relating to their experience of symptoms of various psychological disorders at present and in the past. If mothers endorsed enough symptoms, they rated the degree of interference caused by the symptoms for both current and past diagnoses. A scale from 0 to 8 was used where 0 represented no interference and 8 represented very severe interference. Criteria for a disorder were met if a prescribed number of symptoms were endorsed and a clinician severity rating (CSR) of four or greater was assigned based on symptoms, distress and interference ([@bib0050]). The ADIS-IV-L has demonstrated sound psychometric properties, with good inter-rater reliability ([@bib0050]). The ADIS-IV-L was administered in person or over the telephone. The lifetime diagnosis (past or present) with the highest clinician severity rating was considered to be the principal (i.e., most severe) diagnosis. All ADIS-IV-L diagnoses were reviewed in supervision and 20% of all interviews were audiotaped and coded by an independent rater for reliability purposes. Inter-rater reliability was excellent (e.g., principal diagnosis *κ* = .89; second diagnosis *κ* = .82).

### 2.2.2. Child diagnostic status {#sec0030}

The Anxiety Disorders Interview Schedule for DSM-IV, Parent version (ADIS-P; [@bib0270]) was used to assess the presence/absence of psychiatric disorders in children. Children were considered to have an anxiety disorder if they met DSM-IV criteria with a clinical severity rating (CSR) of four or higher (scale 0--8), for at least their principal anxiety diagnosis (i.e., most severe at presentation). The ADIS-P was administered over the telephone. The telephone version of the ADIS is as reliable as face-to-face administration ([@bib0200]). The ADIS has demonstrated excellent reliability and strong concurrent validity with other measures of childhood anxiety ([@bib0275], [@bib0345]). The ADIS-P was administered by postgraduate clinical students trained by clinical psychologists experienced in anxiety assessment and ADIS administration and reviewed in supervision. Twenty percent of interviews were audio-taped and coded by an independent rater blind to children\'s diagnostic status. Inter-rater reliability showed excellent agreement for both disorders present and absent (e.g., disorders present: principal diagnosis *κ* = .84; second diagnosis *κ* = .83; third diagnosis *κ* = .85).

### 2.2.3. Maternal symptom measure {#sec0035}

The Trait Scale of the State-Trait Anxiety Inventory (STAI Trait; [@bib0285]) is a 20 item self-report measure that was completed by mothers to assess their anxiety proneness and their tendency to respond with anxiety to perceived threats in the environment. Each of the items is assessed on a four point scale with respondents indicating the extent to which the statement applies to them generally, ranging from 1 (*almost never*) to 4 (*almost always*). The STAI has good psychometric properties (e.g., [@bib0290], [@bib0280]).

### 2.2.4. Child symptom measures {#sec0040}

The Spence Children\'s Anxiety Scale, Parent and Child version (SCAS-P and SCAS-C; [@bib0295]). The SCAS-P (39-item parent report measure) and SCAS-C (45-item child self-report measure; 6 positive filler items), both contain 4-point response scales (0 = *never true* to 3 = *always true*), yield total scores reflecting symptom severity, and possess sound psychometric properties. Mean SCAS-P total scores of 14.2 and 31.8, and mean SCAS-C total scores of 18.8 and 32.2 are reported for non-clinical and clinically anxious children, respectively ([@bib0235], [@bib0295]).

The Centre for Epidemiologic Studies Depression Scale for Children (CES-DC; [@bib0330]) is a 20-item self-report inventory to measure depressive symptoms in children aged 7--17 years. Children are asked to respond on a four-point scale (*0* = *not at all* to *3* = *a lot*) indicating how frequently the items have happened to them in the past week (e.g., *I was bothered by things that usually don't bother me*). Scores range from 0 to 60 with total score of 15 or higher considered to be clinically significant. The CES-DC has adequate reliability and validity ([@bib0090]).

2.3. Conditioning and extinction task {#sec0045}
-------------------------------------

### 2.3.1. Electrophysiological materials and equipment {#sec0050}

The US was an unpleasant tone; 1-s, 1000-Hz pure tone set at 100 dB and delivered through Sony stereophonic headphones (see [@bib0315] for data on intensity and unpleasantness ratings). The CSs were geometric shapes, a pastel pink trapezoid (CS+) and a pastel cream triangle (CS−), an oval and octagon were used as control shapes. The CS shapes were presented for 8 s, either to the left or right of a central fixation cross. The geometric shapes were presented equal number of trials, on a Dell 19″ colour monitor at a distance of approximately 1 m and a visual angle that averaged 9.6 degrees.

Skin conductance responses (SCR) were recorded during the conditioning task using Ag/AgCI electrodes placed on the middle and index fingers of the participant\'s non-dominant hand as well as a ground electrode placed in the centre of the forehead. SCR data was acquired using a Grass Technologies amplifier system (Model 15RXI) and were digitised and sampled online using the LabVIEW programming software (Version 7; National Instruments Corporation, 2003) which was installed on a Dell Precision workstation computer. SCR data was DC amplified at 2000 Hz.

### 2.3.2. Verbal ratings {#sec0055}

Participants rated the CS geometric shapes comprising a trapezoid and a triangle, prior to and after acquisition, and following extinction. Ratings were made using a self-assessment mannequin (SAM), which illustrated cartoon like figures, providing subjective ratings of their valence (unpleasant − pleasant) and arousal (calm -- worked up) of the four shapes. Arousal was rated using a one tailed likert scale ranging from 1 (*calm*) to 9 (*very aroused*), whereas valence was rated using a two tailed likert scale ranging from 1 (*very pleasant*) to 5 (*neutral*) to 9 (*very unpleasant*) ([@bib0060]). Children also rated their subjective level of anxiety prior to and after acquisition, and following extinction, using a one tailed likert scale ranging from 0 (*not at all*) to 10 (*very anxious*).

### 2.3.3. Contingency awareness {#sec0060}

Upon completion of the acquisition phase, children were asked whether they noticed if the US tone, which was delivered through the headphones, coincided with any of the shapes presented. If the child responded with "Yes", they were then asked to identify which shape was presented with the tone and responses were recorded verbatim. Contingency awareness was considered to be achieved if the child identified that the tone was paired with the correct shape.

2.4. Procedure {#sec0065}
--------------

When mothers contacted the research team in response to study advertisements, information about the study was provided and information and parent consent forms were emailed or posted to interested families. Upon return of these forms, the participating mother was screened over the telephone about their own current and past anxiety and depression and that of their participating child. The psychopathology of children was assessed next using the ADIS-P-IV ([@bib0270]). If the child did not meet criteria for any psychological disorder, the mother was then assessed with the ADIS-IV-L ([@bib0045]) regarding their own current and past psychiatric status. This was conducted either via the telephone (*N* = 27) or at the university clinic (*N* = 61). Mothers were asked whether the biological father had ever had anxiety or depression or had been treated for either of these disorders. Only families in which the biological father was reported not to have any psychiatric disorders were included.

Children of mothers meeting criteria for a principal lifetime anxiety disorder were assigned to the ANX group, while children of mothers meeting criteria for a principal lifetime unipolar depressive disorder were allocated to the DEP group, while children of mothers with no lifetime psychiatric diagnoses were allocated to the CON group.

### 2.4.1. Experimental assessment of children and mothers {#sec0070}

Experimental sessions were carried out in a research laboratory during which a research assistant supervised children at all times. The experimental session began with an orienting period during which mothers and children were familiarised with the laboratory. The tasks to be completed were explained to both the child and mother and children were informed that they were able to withdraw at any time. After children\'s assent to participate in the experiment was obtained, mothers moved to another room where they completed questionnaires. Electrode recording devices were attached to the child and they were seated alone in an experimental room within the laboratory, interconnected with a closed-circuit camera.

Prior to the Pavlovian conditioning and extinction task, children were asked to rate their subjective anxiety and valence and arousal for the CSs using the SAM. They were then instructed to pay attention to the shapes presented one at a time on the computer screen and loud tones presented through headphones.

*Acquisition phase*. The procedure was identical to that used by [@bib0315] and [@bib0075]. During the acquisition phase, children received 16 conditioning trials (eight CS+ and eight CS−) presented in random order with the caveat that no more than two trials of either the CS+ or CS− were presented sequentially, and that the first two trials were a CS+ and a CS−. The CS+ and CS− were presented on either side of a fixation cross which remained on the screen from CS offset to onset to help maintain children\'s focus. The CSs were presented for 8 s. On CS+ trials, US onset was at 7 s and offset at 8 s with the CS+ offset and the US was paired with the CS+ on 100% of CS+ trials. The CS− was always presented alone. The inter-trial interval (from CS onset to CS offset) varied from 20 to 30 s (mean 25 s). After the acquisition trials, participants' contingency awareness was assessed and they were asked to rerate their subjective anxiety and the four geometric shapes using the SAM. They were then instructed to leave the headphones on and continue paying attention for the next phase of the experiment.

*Extinction phase*. The extinction phase consisted of eight trials: four CS+ trials without the US pairing and four CS− trials. The trials were presented in random order with no more than two sequential presentations of either the CS+ or CS−. The CSs were presented an equal number of times to the left and right of the central fixation cross. After the extinction trials, subjective anxiety levels and the SAM ratings of the four geometric shapes were completed again.

Afterwards, the electrodes were removed and the research assistant read aloud the items from the child questionnaires and recorded the child\'s answers verbatim to prevent variation in children\'s reading ability from affecting their responses. During this time, mothers who had not completed the ADIS-IV-L over the telephone did so with a clinical postgraduate student trained in ADIS-IV-L administration. The experimental session lasted 1.5--2 h.

2.5. Statistical analyses, data screening and response definitions {#sec0075}
------------------------------------------------------------------

### 2.5.1. Skin conductance data {#sec0080}

SCR data were inspected trial-by-trial for artefacts associated with technical interference, excessive drowsiness, movement, or behaviours such as coughing, sneezing, deep sighs or when the child was not looking at the CS+/− presented on the screen, as determined via observation via the closed-circuit camera. Observations were made through closed-circuit television and additional channels of recording, including horizontal EOG (for eye movements and gaze shifts). Trials in which artefacts occurred were scored as missing. Five participants were excluded due to missing data, defined as more than half of the trials for either CS missing during the acquisition and extinction phase. SCR data were scored blind to children\'s diagnostic status and group membership.

The magnitude of the phasic SCR elicited during each CS was scored within three latency windows as the distance between the trough and apex of the curve, expressed in microsiemens (μS). First interval responses were those that began 1--4 s following onset of the CS and reflects initial orienting to the signal value of the CS that is enhanced during CSs paired with a US ([@bib0240]). Second interval responses reflect anticipation of the US ([@bib0240], [@bib0365]), and began 4--7 s following CS onset. Third interval responses began 7--11 s following CS onset ([@bib0370]) and provide a means to examine responses to the US on CS+ trials and the effects of US omission for CS− trials across the groups. All SCR data were transformed using a square root transformation to normalise the distributions ([@bib0305]), which is in line with previous research utilising skin conductance responses (e.g., [@bib0315]). Data were not range-corrected to allow comparisons with previous research (e.g., [@bib0075], [@bib0170], [@bib0315]). However, supplementary analyses using range-corrected values revealed identical main and interaction effects.

For the purpose of data analysis, the trials from each CS were collapsed into four blocks of two trials for acquisition and two blocks of two trials for extinction. The three latency window magnitudes were analysed using separate linear mixed models analysis of variance (ANOVA) for repeated measurements with Satterthwaite\'s approximation for degrees of freedom. Therefore, separate 3 (Group: ANX, DEP, CON) × 2 (CS: CS+, CS−) × 4 (Block: first, second, third, fourth) mixed models ANOVA were carried out for FIRs, SIRs and TIRs during acquisition, and 3 (Group: ANX, DEP, CON) × 2 (CS: CS+, CS−) × 4 (Block: first, second) mixed models ANOVA were carried out for FIRs, SIRs and TIRs during extinction. Bonferroni corrections were used in follow up comparisons to control for the accumulation of alpha error due to multiple comparisons.

### 2.5.2. Verbal ratings {#sec0085}

Valence and arousal ratings of the CS+ and CS− were analysed using a 2 (CS: CS+, CS−) × 3 (Phase: pre-acquisition, post-acquisition, post-extinction) × 3 (Group: CON, DEP, ANX) repeated-measures analysis of variance (ANOVA). Children\'s subjective anxiety ratings were analysed using a 3 (Phase: pre-acquisition, post-acquisition, post-extinction) × 3 (Group: CON, DEP, ANX) repeated-measures ANOVA. Children\'s contingency awareness of the relationship between the CS+ and US was analysed using chi-square analysis. Bonferroni corrections were used in follow up comparisons to control for the accumulation of alpha error due to multiple comparisons.

3. Results {#sec0090}
==========

3.1. Group comparisons {#sec0095}
----------------------

### 3.1.1. Demographics {#sec0100}

Compared to the CON group, there were no significant differences in children\'s gender, both *χ*^2^ \< .99, n.s., or country of birth, both *χ*^2^ \< .50, in the ANX or DEP groups. There were no significant group differences in children\'s age, *F*(2, 57) = 0.80, *p* = .91, mothers or fathers age, both *F* \< .33, n.s, or mothers or fathers occupational prestige, both *F* \< 2.10, n.s. Marital status differed significantly between the CON and DEP groups, *χ*^2^ (1, *N* = 46) = 6.66, *p* = .02 (Fisher\'s exact text), with more divorced mothers in the DEP than the CON group, but not between the CON and ANX groups, *χ*^2^ \< 1.44, n.s. (see [Table 2](#tbl0010){ref-type="table"}).[1](#fn0005){ref-type="fn"}

### 3.1.2. Mothers diagnoses and symptom measures {#sec0105}

The principal lifetime diagnosis (i.e., most severe) of mothers in the DEP and ANX groups differed according to whether the diagnosis was current or past, *χ*^2^ (1, *N* = 26) = 11.78, *p* = .001 (see [Table 1](#tbl0005){ref-type="table"}).[2](#fn0010){ref-type="fn"} Nine of the 14 mothers in the ANX group had a current principal diagnosis while the 12 mothers in the DEP group had a past principal diagnosis. However, mothers did not differ in the severity of their principal diagnosis, *t* = .68, n.s., and with the exception of one mother with past childhood separation anxiety disorder, mothers in both groups experienced their principal diagnosis (or episodes thereof) during their child\'s lifetime. Depressed and anxious mothers had significantly higher scores on the STAI Trait scale, *F*(2, 57) 7.10, *p* = .002, compared to the CON group (both *p* \< .014) but did not differ significantly from each other (*p* \> .05).

### 3.1.3. Child symptom measures {#sec0110}

There were no significant differences between children in the CON, DEP and ANX groups on either SCAS-P total scores, SCAS-C total scores, or CES-DC total scores, all *F*\'s \< .86, n.s. (see [Table 2](#tbl0010){ref-type="table"}).

3.2. Children\'s subjective ratings {#sec0115}
-----------------------------------

Compared to the CON group (23 aware:8 unaware), there were no significant differences in contingency awareness of the ANX group (8 aware:6 unaware), or the DEP group (10 aware:2 unaware), both *χ*^2^ \< 1.80, n.s. (see [Table 2](#tbl0010){ref-type="table"}).[3](#fn0015){ref-type="fn"} Differences in contingency awareness of the ANX and DEP group were also not significant, *χ*^2^ \< 2.08, n.s.

A 3 (Group) × 3 (Phase) repeated-measures ANOVA of subjective anxiety ratings revealed a significant main effect of Phase, *F*(1, 108) = 10.18, *p* = .001, *η*~p~^2^ = .16. The Group main effect and the interaction were not significant, both *F*\'s \< .54, n.s. The phase main effect was due to significantly lower anxiety ratings after extinction compared to before acquisition (*p* = .006) and after acquisition (*p* \< .001); ratings in the latter phases did not differ significantly (*p* = .87).

A 3 (Group) × 3 (Phase) × 2 (CS) repeated-measures ANOVA of CS valence ratings revealed a significant main effect of CS, *F*(1, 54) = 11.93, *p* = .004, *η*~p~^2^ = .18, Phase, *F*(2, 92.08) = 6.25, *p* = .003, *η*~p~^2^ = .10, and a significant CS × Phase interaction, *F*(2, 103.54) = 3.28, *p* = .045, *η*~p~^2^ = .057 (see [Table 3](#tbl0015){ref-type="table"}). There were no significant differences in the ratings of the CSs at pre-acquisition (*t*(56) = .06, n.s). However, the CS+ was rated as significantly more unpleasant than the CS− after acquisition (*t*(56) = 3.76, *p* = .007) but not extinction (*t*(56) = .69, n.s). All groups rated the CS+ as more unpleasant after acquisition compared to before acquisition (*t*(56) = 3.82, *p* \< .001) and compared to after extinction (*t*(56) = 2.17, *p* = .034). There were no significant changes in valence ratings of the CS− across phases (all *p* \> .40).Table 3Mean subjective anxiety and CS valence and arousal ratings (+*SD*) as a function of experimental phase and group.Pre-AcqPost-AcqPost-ExtCS+CS−CS+CS−CS+CS−CS arousal CON3.48 (2.18)3.35 (2.15)3.90 (2.62)2.29 (2.28)2.61 (2.09)2.35 (2.27) ANX1.85 (1.70)2.14 (2.17)3.14 (2.53)2.00 (2.18)2.17 (1.99)1.86 (1.87) DEP1.67 (1.77)1.50 (0.90)3.33 (2.93)1.33 (1.15)2.53 (2.22)1.17 (0.58) Mean2.33 (1.88)2.33 (1.74)3.46 (2.69)1.87 (1.87)2.44 (2.10)1.79 (1.57)  CS valence CON3.32 (1.62)3.45 (2.41)4.67 (2.42)3.13 (2.47)3.77 (2.81)4.03 (2.62) ANX3.71 (1.85)2.85 (1.66)5.00 (2.09)3.57 (1.83)4.43 (2.65)3.29 (1.73) DEP4.00 (1.80)3.17 (2.17)4.67 (2.24)3.50 (2.43)4.03 (2.56)4.00 (2.34) Mean3.68 (1.76)3.16 (2.08)4.78 (2.25)3.40 (2.24)4.07 (2.67)3.77 (2.23)[^4]

A 3 (Group) × 3 (Phase) × 2 (CS) repeated-measures ANOVA of CS arousal ratings revealed a significant main effect of CS, *F*(1, 54) = 13.47, *p* \< .001, *η*~p~^2^ = .20, Phase, *F*(2, 108) = 4.90, *p* = .009, *η*~p~^2^ = .083, and a significant CS × Phase interaction, *F*(2, 108) = 8.10, *p* \< .001, *η*~p~^2^ = .15 (see [Table 3](#tbl0015){ref-type="table"}). There were no significant differences in the ratings of the CSs at pre-acquisition (*t*(56) = .01, n.s). However, the CS+ was rated as significantly more arousing than the CS− after acquisition (*t*(56) = 4.46, *p* \< .001) and after extinction (*t*(56) = 2.35, *p* = .022). All groups rated the CS+ as more arousing after acquisition compared to before acquisition (*t*(56) = 4.46, *p* = .001) and compared to after extinction (*t*(56) = 3.65, *p* = .001). There were no significant changes in arousal ratings of the CS− across phases (all *p* \> .59) (see [Table 3](#tbl0015){ref-type="table"}).

3.3. Children\'s skin conductance responses {#sec0120}
-------------------------------------------

### 3.3.1. Acquisition {#sec0125}

The 3 (Group: ANX, DEP, CON) × 2 (CS: CS+, CS−) × 4 (Block: first, second, third, fourth) mixed models ANOVA of FIRs confirmed the acquisition of associative learning by a significant main effect of CS, *F*(1, 261.13) = 5.43, *p* = .02. As seen in [Fig. 1](#fig0005){ref-type="fig"}, follow-up comparisons confirmed that FIRs were larger overall to the CS+ (*M* = .28, *SE* = .02) than the CS− (*M* = .21, *SE* = .02). There were no significant main or interacting effects of Group, all *F*\'s \< 1.05, n.s. (see [Fig. 1](#fig0005){ref-type="fig"}, upper left panel).Fig. 1Mean first interval (upper panel), second interval (middle panel), and third interval (lower panel) skin conductance responses to the CS+ and the CS− during each block of acquisition (A1--A4) trials (left panels) and extinction trials (E1--E2) (right panels) as a function of group (\* indicates significant effects involving group).

The 3 (Group: ANX, DEP, CON) × 2 (CS: CS+, CS−) × 4 (Block: first, second, third, fourth) mixed models ANOVA of SIRs found a significant CS × Group interaction, *F*(2, 296.05) = 5.62, *p* = .004. As seen in [Fig. 1](#fig0005){ref-type="fig"} (middle left panel), follow up comparisons revealed that participants in the DEP group showed significantly smaller SIRs to the CS+ (*M* = .06, *SE* = .03) compared to the CS− (*M* = .19, *SE* = .03), *p* = .004. Furthermore, the DEP group showed significantly smaller SIRs to the CS+ compared to the ANX group (*M* = .17, *SE* = .03; *p* = .04), and CON group (*M* = .15, *SE* = .02; *p* = .04) which did not differ significantly from each other (*p* \> .76). There were no significant differences between groups in responding to the CS− (all *p* \> .05).

A 3 (Group: ANX, DEP, CON) × 2 (CS: CS+, CS−) × 4 (Block: first, second, third, fourth) mixed models analysis of variance (ANOVA) was conducted to examine TIRs (see [Fig. 1](#fig0005){ref-type="fig"}, lower left panel). There was a significant main effect of CS, *F*(1, 259.28) = 253.66, *p* \< .001 and a significant main effect of Block, *F*(3, 793.02) = 14.81, *p* \< .001. As seen in [Fig. 1](#fig0005){ref-type="fig"}, TIRs were larger overall to the CS+ (*M* = .74, *SE* = .03) than the CS− (*M* = .21, *SE* = .03). Furthermore, responding was significantly larger in the first (*M* = .60, *SE* = .03) compared to the second block (*M* = .47, *SE* = .03; *p* = .001), third block (*M* = .47, *SE* = .03; *p* = .002) and fourth block (*M* = .37, *SE* = .03; *p* \< .001). TIRs were significantly larger in the second and third block compared to the fourth block (both *p* \> .018).

### 3.3.2. Extinction {#sec0130}

A 3 (Group: ANX, DEP, CON) × 2 (CS: CS+, CS−) × 2 (Block: first, second) mixed models analysis of variance (ANOVA) was conducted to examine FIRs (see [Fig. 1](#fig0005){ref-type="fig"}, upper right panel). A significant main effect of Group was found, *F*(2, 105.74) = 3.08, *p* = .05, as well as a significant two-way interaction between Block and Group, *F*(1, 411.41) = 3.80, *p* = .023 and between CS and Group, *F*(1, 248.87) = 3.02, *p* = .05. The Block × Group interaction reflected that the ANX group had significantly larger FIRs in the second compared to the first block (*p* = .05), whereas SCRs in the CON group reduced from the first to the second block (*p* = .04), and there were no significant effects of block in the DEP group (*p* = .44). Furthermore, in the second block, the FIRs of the ANX group were significantly larger compared to the DEP group (*p* = .02) but not the CON group (*p* = .43). Differences between the CON and DEP groups were also not significant (*p* = .08). The CS × Group interaction reflected that the ANX group had significant larger FIRs to the CS+ than the CS− (*p* = .018) whereas CS differences were not significant for the DEP or CON groups (*p*\'s \> .054). There also were no significant Group differences at either level of CS (all *p* \> .052). There were no significant effects for SIRs or TIRs, all *F*\'s \< 2.10, n.s. (see [Fig. 1](#fig0005){ref-type="fig"}, middle and lower right panels).

3.4. Supplementary analyses {#sec0135}
---------------------------

Additional analyse were performed to compare the number of SCR FIR and SIR non-responders to the CS+ during acquisition, defined as less than two SCRs across the 8 CS+ trials (i.e., one or no SCRs). There were no significant differences between the CON and DEP groups in the number of FIR non-responders (DEP = 2/12; CON = 8/31), *χ*^2^ \< .41, n.s. However, there were significantly more SIR non-responders in the DEP group compared to the CON group (DEP = 9/12; CON = 8/31), *χ*^2^ \< 4.56, *p* = .045 (Fisher\'s Exact Test). There were no significant group differences in FIR or SIR non-responders between the ANX and CON groups (FIR: ANX = 2/14; SIR: ANX = 7/14), all *χ*^2^ \< .75, n.s.

Correlations between all dependent and independent variables are presented in [Table 4](#tbl0020){ref-type="table"}, [Table 5](#tbl0025){ref-type="table"}. In addition, correlations between parent and child symptom measures revealed two significant associations: SCAS-C total scores were significantly correlated with SCAS-P total scores, *r*(57) = .27, *p* = .047, and with CES-DC total scores, *r*(57) = .50, *p* \< .001.Table 4Correlations between skin conductance measures and symptom measures (*N* = 57).MeasureMotherChildSTAI-TSCAS-PSCAS-CCES-DCAcq CS− FIR−.15.18.01−.22Acq CS+ FIR−.22.06−.02−.16Ext CS− FIR−.17.09−.12−.18Ext CS+ FIR−.13.07−.09−.24Acq CS− SIR.09.02−.07−.25[a](#tblfn0015){ref-type="table-fn"}Acq CS+ SIR−.09−.05.10−.25[a](#tblfn0015){ref-type="table-fn"}Ext CS− SIR−.02−.08−.06−.19Ext CS+ SIR−.25[a](#tblfn0015){ref-type="table-fn"}−.10−.14−.22Acq CS− TIR−.11.07.02−.12Acq CS+ TIR−.06−.05−.07−.28[\*](#tblfn0010){ref-type="table-fn"}Ext CS− TIR−.13.15−.16−.14Ext CS+ TIR−.24.15−.12−.24[^5][^6]Table 5Correlations between CS valence and arousal measures and symptom measures (*N* = 57).MeasureMotherChildSTAI-TSCAS-PSCAS-CCES-DCPre-Acq CS− valence−.16.13.12.02Pre-Acq CS+ valence.03.17.11.24Post-Acq CS− valence−.04.19.08.36[\*\*](#tblfn0025){ref-type="table-fn"}Post-Acq CS+ valence−.14.06−.19.23Post-Ext CS− valence−.01−.04−.13.19Post-Ext CS+ valence−.13.06−.14.20Pre-Acq CS− arousal−.13.10.19.21Pre-Acq CS+ arousal−.10.07.17.20Post-Acq CS− arousal−.14−.15.11.27[\*](#tblfn0020){ref-type="table-fn"}Post-Acq CS+ arousal−.24.02.08.34[\*\*](#tblfn0025){ref-type="table-fn"}Post-Ext CS− arousal−.17−.14.01.22Post-Ext CS+ arousal−.12−.16.03.18[^7][^8][^9]

4. Discussion {#sec0140}
=============

The present study found that in the context of comparable discriminative conditioning, subjective valence and arousal responses and levels of contingency awareness, children of anxious mothers showed larger skin conductance conditioned responses during extinction to the CS+ compared to the CS−, and to both CSs from the first to the second block of trials, in comparison with low risk offspring. These findings partially replicate those of [@bib0075], who also found no group differences in subjective measures or contingency awareness but did find that offspring of anxious parents exhibited larger skin conductance conditioned responses during extinction that were undifferentiated by CS type. However, inconsistent with [@bib0075], we did not find that high risk offspring of anxious parents had larger third interval skin conductance conditioned responses during acquisition compared to low risk offspring. These findings could suggest that excitatory responding to aversive stimuli (i.e., the tone US) is more variable amongst high risk offspring of anxious parents, whereas deficits in learning to inhibit psychophysiological responses when new learning should take place (CS− no US association) (e.g., [@bib0080]) may be a more reliable candidate risk marker that distinguishes high from low risk offspring. Indeed, the present findings accord with those from clinical studies finding that anxious children display larger skin conductance conditioned responses during extinction trials to the CS+ compared to the CS− ([@bib0170], [@bib0315]) or collapsed across both CSs ([@bib0075]). Still unknown, however, is whether these impairments in inhibiting psychophysiological responses following new information that a stimulus is now safe actually underlies the elevated risk for anxiety in children of anxious parents. It will be important for future studies to extend these findings by using longitudinal designs to assess the onset of anxiety disorders as an outcome measure.

The other major finding in this study was that, compared to low risk controls, children of depressed mothers showed *smaller* skin conductance responses to the CS+ than the CS− during acquisition. This is the first study to the authors' knowledge to study aversive conditioning and extinction in children of depressed mothers. Skin conductance responses of smaller magnitudes on CS+ trials were evident in second interval responses, suggesting that offspring of depressed mothers were largely unresponsive during *anticipation* of the US, rather than in actual reactivity to the US (i.e., no group differences in TIRs) or in initial orienting to the CS+ (although inspection of [Fig. 1](#fig0005){ref-type="fig"} suggests a lack of discrimination in FIRs in the DEP group, the overall analysis revealed no significant group differences).

Previous research has shown that depression is associated with decreased fear-potentiated startle and less pleasure-inhibited startle, contributing to a generally flattened affect-startle pattern (see [@bib0300]). Thus, one explanation for the present results is that the DEP group showed impaired inhibition of skin conductance responses to the safety of the CS−. However, this is not supported by the results because there were no significant group differences in second interval response magnitudes on CS− trials. Also, inspection of the means in [Fig. 1](#fig0005){ref-type="fig"} for the DEP group indicates a substantial decrease in the magnitudes of SIRs (*M* = .055) compared to FIRs (*M* = .27) for CS+ trials but not CS− trials (FIR *M* = .21; SIR *M* = .19). Moreover, the supplementary analyses confirmed that the reduction in magnitude of SIRs to the CS+ in the DEP group was due to significantly more SCR non-responders compared to the CON group (i.e., children who had only one or no SIRs across the 8 CS+ trials). Therefore, a more likely explanation is that offspring of depressed mothers were less responsive psychophysiologically to external stimuli signalling threat (i.e., CS+ trials) and that this manifested in the *anticipation* of forthcoming threat (i.e., SIRs) ([@bib0240], [@bib0365]). Thus, the present findings extend previous evidence of broad psychophysiological dysregulation in depressive disorders (e.g., [@bib0055], [@bib0255], [@bib0320], [@bib0350]) to include dysregulation of skin conductance reactivity in offspring of depressed mothers.

The mechanism/s underlying impaired inhibition of skin conductance responses following new information signalling safety in offspring of anxious mothers (i.e., retarded extinction), and diminished skin conductance responses during anticipation of a pending aversive event in offspring of depressed mothers are not clear. The interaction between genetic ([@bib0115]), neurobiological ([@bib0230]), and temperament factors, such as negative affect ([@bib0355]), as well as learning-based mechanisms such as exposure to maternal maladaptive cognitions, behaviour and affect (see [@bib0105] and [@bib0260] for reviews) are likely to interact to influence offspring psychophysiological dysregulation during initial aversive learning in offspring of depressed mothers and safety learning in offspring of anxious mothers. Studies with larger samples that include multiple measures across time are required to clarify the relative contribution of these risk markers to disorder onset in high risk offspring.

The present findings suggest distinctions between offspring of anxious and depressed parents in the psychophysiological measure of skin conductance responses whereby offspring of anxious mothers show *increased* reactivity during *extinction* of aversive learning while offspring of depressed mothers show diminished responding during anticipation of a pending aversive event during conditioning. However, it is notable that offspring of anxious and depressed parents have similarly shown *increased* startle eye blink reactivity throughout fear-potentiation protocols (e.g., [@bib0125], [@bib0130]). Taken together, these findings could suggest both common and specific patterns of psychophysiological dysregulation among offspring of depressed and anxious parents. Longitudinal research with multiple measures from offspring of anxious and depressed parents will help elucidate common and specific risk factors for the onset of emotional disorders.

It is important to note that dysregulation may well extend to evaluative measures such as subjective appraisals of the CSs and US expectancy ratings had these responses been assessed trial-by-trial as was the case for skin conductance responses. Thus, the inconsistencies between the subjective ratings and trial-by-trial skin conductance responses should not be interpreted as these two measures indexing underlying mechanisms that are differentially sensitive to risk due to maternal anxiety and depression. Although subjective ratings have more consistently been interpreted as reflective of affective learning, the claim that skin conductance responses are reflective of expectancy learning has been questioned (e.g., [@bib0195], [@bib0245], [@bib0335]). Similar debate exists about whether the proposed measures of affective learning and expectancy learning reflect on qualitatively different learning mechanisms (e.g., [@bib0015], [@bib0085]) or are manifestations of a single underlying mechanism (e.g., [@bib0100], [@bib0180], [@bib0265]). Therefore, the manner in which measures have been collected, i.e., trial-by-trial or pre- to post-phase tests, may be critical to the absence of results in the subjective versus skin conductance measures. Relatedly, even though post-acquisition phase contingency awareness levels did not differ significantly between the groups, nor did contingency awareness affect the results, only 72% of children averaged across the whole sample could correctly identify the CS+-US association after acquisition. Although this compares favourably to a previous study (i.e., [@bib0315]) in which only 55% of healthy controls achieved contingency awareness by post-acquisition, future studies should assess both skin conductance responses and subjective ratings using both trial-by-trial and pre- to post-phase procedures.

The present study should be considered in relation to other limitations. Parent--child dyads were primarily recruited through the community rather than mental health clinics and the sample sizes of the DEP and ANX groups were small, which limits the generalisability of findings. Although timing of diagnosis (i.e., current; past) did not affect outcomes, the groups unexpectedly differed in the number of mothers with a current versus past principal diagnosis. Also, although all mothers except for one experienced their disorder or episodes thereof during their child\'s lifetime, it would be valuable in future research to examine the effects of when mothers experienced these disorders/episodes during their child\'s lifetime. Also, although it would have been informative to study offspring of mothers with a single diagnosis of either anxiety or depression, this was not feasible due to high rates of comorbidity. Nevertheless, the approach used here facilitates comparison with other high risk studies (e.g., [@bib0075]) and clinical studies (e.g., [@bib0170], [@bib0315]), in which inclusion was based on either parent or child principal diagnosis. Moreover, differences in acquisition and extinction phases were found between offspring of mothers with principal anxiety versus depressive disorders despite comorbidity on subsidiary diagnoses, indicating that the relationship between type of maternal principal disorder and aversive conditioning and extinction in offspring deserves further investigation. In terms of methodology, it would be valuable in future studies to include more trials per CS condition during acquisition and extinction phases, and to assess physiological, subjective and contingency awareness measures trial-by-trial as well as pre- to post-phase. It will also be important to follow children longitudinally to determine whether differences in aversive learning and extinction between offspring of anxious and depressed mothers predict long-term psychopathology.

In summary, the present study found that offspring of anxious mothers showed retarded extinction of learned fear responses, as indexed by skin conductance responses, thereby replicating prior research ([@bib0075]). By contrast, offspring of depressed mothers showed diminished reactivity during acquisition of fear learning. This appears to be a novel finding that is broadly consistent with previous evidence of diminished skin conductance responsiveness, reduced fear-potentiated startle and affective startle modulation in adults with depression ([@bib0230], [@bib0160], [@bib0005], [@bib0040], [@bib0150], [@bib0210]). These findings suggest there may be distinct psychophysiological premorbid risk markers by virtue of maternal anxiety and depression. Future research using multiple measures with long-term follow-up of the offspring of anxious and depressed mothers will help confirm whether these risk markers play a role in the onset of emotional disorders.
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Preliminary analyses with marital status as a covariate revealed no significant effects of the covariate.

Preliminary analyses of all dependent measures as a function of past versus current principal diagnoses or with past versus current principal diagnoses as a covariate in the main analyses revealed no significant effects of the timing of principal diagnosis.

Preliminary analyses of all dependent measures with and without unaware children included revealed the same results. Thus, all children were retained in the analyses.

[^1]: *Note*. Mean severity = 0 (*no interference*) to 8 (*very severely interfering*).

[^2]: Significant difference between low-risk and high-risk groups.

[^3]: Occupation prestige assessed with Daniel Prestige Scale (Daniel, 1983) (range: 1 = *high*; 7 = *low*).

[^4]: *Note*. CS arousal ratings: 1 = *calm* to 9 = *very aroused*; CS valence ratings: 1 = *very pleasant* to 9 = *very unpleasant*.

[^5]: *p* \< .05.

[^6]: *p* \< .06.

[^7]: *Note*. CS valence ratings: 1 = *very pleasant* to 9 = *very unpleasant*; CS arousal ratings: 1 = *calm* to 9 = *very aroused*.

[^8]: *p* \< .05.

[^9]: *p* \< .001.
